Improved Seepage Model of “Water-Rock-Structural Plane” during Mine Excavation  by Man, Ke et al.
Procedia Engineering 26 (2011) 1667 – 1673
1877-7058 © 2011 Published by Elsevier Ltd.
doi:10.1016/j.proeng.2011.11.2352
Available online at www.sciencedirect.com
 
 
Procedia 
Engineering  
          Procedia Engineering  00 (2011) 000–000 
www.elsevier.com/locate/procedia 
 
First International Symposium on Mine Safety Science and Engineering 
Improved seepage model of “water-rock-structural plane” 
during mine excavation 
Ke Man , ,a b c , Ju Wang ,a b , Rui Su ,a b , Hongwei Zhou c a* 
a Division of Environment Engineering,,Beijing Research Institute of Uranium Geology, Beijing 100029, China 
b Key Laboratory of China National Nuclear Corporation on high level radioactive waste geological disposal, Beijing 100029, 
China 
c Institute of Rock Mechanics and Fractals, China University of Mining and technology, Beijing 100083, China 
 
Abstract 
This paper differentiated and analyzed the coupling mechanism of stress and fluid flow in fractured rock mass, 
especially during the mine excavation. It pointed out that the structural plane between the water and the rock mass is 
not only a physical medium in the process of water-rock coupling, but also a mechanical medium. Considering the 
influence of fluid flow on the stress mechanism through two aspects, one is hydrostatic pressure, another is 
hydrodynamic pressure. Also taken into account the 3D stresses around the rock, and explored the stresses on the 
fluid flow mechanism from normal and shear stress respectively. Then an improved seepage model has been 
proposed, i.e. “water-rock-structural plane” model. This model can describe the seepage mechanism clearly and 
distinctly, even under 3D stresses. From the point of the structural plane deformation, the relation between 
permeability and the 3D stresses has been derived, and also the effective seepage model has been clarified deeply.  
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1. Introduction 
Fracture, small pore, joint and fault and other discontinuous structural plane have existed in the natural 
rock. The physical and mechanical characteristics of the rock have been influenced seriously, and also the 
seepage and thermodynamic features have been determined mostly by the structural plane.  
For the rock engineering, the project constructions are subject to the geological environment, which is 
coupled by the fluid field, stress field, thermo field and chemical field and so on. All these fields have 
influenced each other and resulted in the dynamic balance in the rock multi-field system [1-3]. 
The coupling of solid and fluid of the rock is a significant issue and it arouses extensive interests. It 
involves mine excavation, environment protection, water conservancy construction, radioactive waste 
disposal and reservoir induced geologic hazard etc. To explore the fluid law of the rock with a single 
fracture under 3D stresses is a fundamental and critical direction. And there are numerous researchers 
focus on it through theoretical and experimental methods. 
These papers proposed the cubic law of the water fluid using the single fracture parallel plane test [4-
6], and proved that the fluid flow and gap width is proportional to three times. The small variation of the 
gap width would bring out significant change of the fluid flow. And the gap width was mostly subject to 
the stress on the structural plane. Meanwhile, the stress also be directly influenced by the seepage 
pressure, thereby the seepage field and stress field has been interaction. This feature is called water-rock 
coupling characteristic. 
Papers [7, 8, 9, 10] have been built the relation between permeability and stress of the rock and 
obtained the seepage and stress law through single fracture flow. Papers [11, 12] proposed the coupling 
model of seepage and stress fields, and got the relation between permeability and stress. 
For the single fractured rock model, it suffers normal and shear stress on the rock surface. The 
influence of the normal stress on the water-rock characteristics has been studied deeply, but the natural 
rock has bear 3D action, so exploring the rock under 3D stresses has more meaning. This paper setup the 
improved seepage model of “water-rock-structural plane” under 3D stresses, through analysis the 
coupling mechanism of seepage and stress interaction, and attempts to find the theoretical formula 
between permeability and 3D stresses of the rock by means of this model. 
2. Seepage model of “water-rock-structural plane” 
The flow fluid has been influenced by the stress field through the gap width of the structural plane [13]. 
And the influence of fluid to the stress mechanism through two aspects, one is hydrostatic pressure, 
another is hydrodynamic pressure. Among the interaction, the structural plane shows the expanding effect 
along the normal direction and the hauling effect along the shear direction. It distinctly shows that the 
interaction between flow field and the stress field occurs on the structural plane, and then the coupling 
effect occurs and influences the rock seepage. So the structural plane between the water and the rock 
mass is not only a physical medium in the process of water-rock coupling, but also a mechanical medium. 
Then the seepage model of “water-rock-structural plane” has been showed in Fig.1., 
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Fig.1. Seepage model of water-rock-structural plane under 3D stresses 
This model consists of a structural plane and two rock masses. It consumes that the rock mass does not 
permeability, and the elastic modulus of the rock is E, and the Poisson ratio is . 
Through the seepage model of “water-rock-structural plane”, the stress field and the flow field has 
been decoupled, and it integrates the interactional object to the structural plane. 
3. The coupling mechanism of the water-rock with the structural plane 
3.1. Fluid flow on the stress analysis 
As the effect of the fluid field on the stress field, most discussions have just taken into account the 
hydrostatic pressure, which adopted the effective pressure to solve the coupling problem. However, it has 
not considered the hydrodynamic pressure on the stress field, which would induce hauling effect. 
Assumed that there is a single fracture exists in the rock, and the gap width is constant, the fracture 
surface is smooth and extension infinite. The length of the structural plane is far great than the width. 
Then the flow in the structural plane can be considered as narrow flow in parallel plane. As show in Fig.2, 
 
 
Fig.2. Flow in single fracture 
The effective pressure is showed in this formula, 
 
( )p H z                                                                                                                                  (1) 
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In which, p is hydrostatic pressure,   is water volume weight, H  and z  is water head on the structural 
plane and position individually. 
Meanwhile, the hydrodynamic pressure on the stress field has reflected through hauling force on the 
structural plane
[14]
. It has driven the hauling force formula, 
 
2w f
bt J                                                                                                                                    (2) 
In which, wt  is hauling force, b is gap width, fJ is the hydraulic gradient. 
In brief, the fluid flow effect on the stress includes two aspects, hydrostatic pressure and 
hydrodynamic pressure. The former can induce expansion perpendicular to the structural plane, and the 
later would bring shear displacement along the flow direction. 
3.2. Stress on the fluid flow analysis 
To investigate the stress on the fluid flow effect through the gap width variation, and this effect is 
responded by the permeability change. Numerous study has on the influence of normal stress to the fluid 
field
[15]
, and has obtained many experienced formulas, such as,  
 
0
ak k e                                                                                             (3) 
In which， k  is the permeability when the stress is  , 0k  is the permeability when the stress is zero. 
a is parameter. 
But the shear stress to the fluid field has not been so widely studied. For the rock subjected to 3D 
stresses, as show in Fig.1, according to Mohr- Coulomb standard, the normal stress and shear stress on 
the structural plane are, 
 
1 3 1 3
1 1( ) ( )cos 2
2 2
                                                                     (4) 
1 3
1 ( )sin 2
2
                                                                                                                   (5) 
For this model, the structural plane is perpendicular to 1 , so 0  , and there are, 
 
1                                                                                                     (6) 
0                                                                                                                                               (7) 
The hydrostatic pressure is p, and the direction is opposite to 1 . The hauling force is wt , and the 
direction is same to the seepage direction. As the two rocks connect with each other in part, it draws a 
parameter   here, to indicate the connected area compared to the total area. So the actual hydrostatic 
pressure on the structural plane is p . 
1671Ke Man et al. / Procedia Engineering 26 (2011) 1667 – 1673 Ke Man et al/ Procedia Engineering 00 (2011) 000–000 5 
Because the rock mass is not water-conductivity, the normal stress and shear stress on the structural 
plane are, 
 
1s p                                                                                            (8) 
w                                                                                                                                         (9) 
Then, the normal deformation of the structural plane is, 
 
n s
s
nK

                                                                                             (10) 
Here, nK  is normal stiffness of the structural plane. 
Simultaneously, the normal deformation of the rock mass is, 
 
1 2 3( )
r E
   

 
                                                                              (11) 
And the shear stress also induces the Poisson effect, so the influence of shear deformation to the 
normal deformation is, 
 
s w
s
sK

                                                                                          (12) 
Here, sK  is shear stiffness of the structural plane. 
Above all, the gap width strain of the structural plane can be gotten, 
 
n s
s r s                                                                                        (13) 
4. The fluid flow law of the stress-seepage coupling 
Considering the rock is elastic material, and it can obtain the normal deformation of the structural 
plane, 
 
0b                                                                                               (14) 
In which, 0b  is the initial width of the structural plane. 
Now, the width of the structural plane is, 
 
0 0 (1 )b b b                                                                                (15) 
According to the cubic law, the seepage flow and gap width is proportional to three times, and the 
permeability is directly proportional to the width to square
[4 6]
, these can be showed as, 
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3
12 f
bq J

                                                                                        (16) 
2
12
bk 

                                                                                                                                (17) 
In which, k is permeability,   is motion viscosity coefficient. 
The cubic law is driven from the smooth parallel plane, however, the natural rock has rough surface. 
Paper [12] studied the natural surface of the rock and got the revised cubic law, it is, 
 
2
12
ebk 

                                                                                                                              (18) 
In which, eb  is equivalent hydraulic width, here the equivalent hydraulic width equals the gap width. 
Put the formula (15) into (18), it is, 
 
2
20 (1 )
12
bk  

                                                                                                                 (19) 
Order
2
0
0 12
bk 

 , then it has,  
 
2
0 (1 )k k                                                                                      (20) 
In which, 0k  is the initial permeability of the fractured rock mass. 
Through formula (20), it can be concluded that, the permeability is the initial permeability when the 
stress does not existed. The effective width decreases with the stress increases, and therefore the 
permeability decreases. This is also accord with the actual situation. 
5. Conclusions 
It can obtain these following conclusions from this paper,  
(1) The structural plane between the water and the rock mass is not only a physical medium in the 
process of water-rock coupling, but also a mechanical medium. 
(2) Considering the normal stress, shear stress, hydrostatic pressure and hydrodynamic pressure to 
improve the “water-rock-structural plane” model, ensuring the model more exact and effective. 
(3) From the point of the structural plane deformation, the relation between permeability and the 3D 
stresses has been derived, and also the effective of the seepage model has been clarified deeply. And it 
should be considered and expected that the seepage model could be applied to the mine excavation. 
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